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Abstract of JP2002230986 

PROBLEM TO BE SOLVED: To provide a 
nonvolatile memory which can perform 
synchronous reading with a frequency higher 
than a frequency which can be used now for data 
stored in a nonvolatile memory and which is 
operated by a burst reading mode. SOLUTION: 
This nonvolatile memory (10) is provided with an 
input pin (2) receiving an external clock signal 
supplied by a user, an input buffer (4) receiving 
the external clock signal and supplying an 
intermediate clock signal relating to the external 
clock signal and being delayed, and a delayed 
lock loop (12) receiving the intermediate clock 
signal and supplying the intermediate clock signal 
distributed in the nonvolatile memory and 
synchronizing with the external clock signal 
substantially. 
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l. Title cf 



I D v e D t I C D 



SYNCHRONOUS 



READING ^VOLATILE MEMORY 



2. Claims 



I . 



A nonvolatile o:eo:c;y comprising: 



an input c c c f i g u r c d tuiereive an c r t c r n a ! 



clock signal supp 



lied br a 



user; . 



and 



a clock generating me a o if inclining a tie lay 



I cc ke s I ccp raea os 



, said c I c c I g t n e i a i i n g n c a c s c c n n e r t e ri t c said input, ccni igured ; c r e c 

eive said external clock sign a! (mm said input and ceo I igured tc supply 

* 

ac interna! cicck signal tc be distributed into said nonvolatile memui 
? based a poo said externa i deck signal. 

2. The QCDiclatile memory according: to claim I. vhe/eia said c! 
ock generac iof Deans. Untie; include an inpo; means connected between sa 
id input cf said nonvolatile memory and said delay locked loop means, sa 
id input means having an oiitpat; and wherein said delay locked leep mean 
s includes a p r c g r a mm a b i e delay meant luring a first input connected tc 
Said output of said iopot means and an cctput ccc figured tc supply said 
interna! clock signal, said p ; c g r amma b i e delay means moreover bating a s 
eccnd input ecu figured tc receive a selection signal for selecting a del 
ay tc be introduced by said programmable delay means such as tc briug sa 
id interna! clock signal substantially in phase with said external clock 

signal. 

3. The nonvolatile rnem.'iry according tc claim 2. therein Said pr 
cgrammabic delay means includes a dtiay chaio. and a selection means ccn 
netted tc said delay chain, said selection means configured to r c c e i f e c 
n in input said selection signal for selecting the delay ic be introduce 
d by the d c ! a j chain. 
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J. The d«3*?Ii:: !c a «: t. s : 7 according :? claim whc •«■"'. Uii de 
iay chain iachdes a p I a r a ! i t :-" cf dcla- ^ c 2 1 s cascaded t c f c t b € r . 

5. The Genre ! a t I Ic mcucy a c c - u • n g -5 Maim 4 S *he:e : r s? ; : Ff 
lection means include* a. shif: register conoeciec to said delav c e *U 5 
said s b i f t J e g i s i e : c c 2 f 1 1 u : c d i c a c i * a I e *d a : d e a c t i ? 3 1 e the i e i a v ceil 

c 

6. The ncn?ciatile lienor? acccrucg :c claim 2, whe'? : s fair de 
lay locked lenp me a ^ s further inciudes a piusc detecting means c c n f i d r e 
d tc receive cr. a fiisi iapit S2;d eiitroal clock sigcal and ic rtce-ve 
tc a s e c end inpoi said interna! cluck signal, id: configured to Eipplf o 
n ao oitpit said selection Hgni c si is* p; «gr annabie delay meaiis. iaic 

seleciior. sigea 1 beinz a fiaciica cf the phase shift beiges Said exttr 
nil deck signal and s a f n litems! clcel; signal. 

7. The Renvoi a rile memory according ic claim 6. where in sa;; h 
r « t input of said phase detecting metes is c«aa«c:ed jo tee output cf sa 
id input means; and therein said delay locked loop menus further ic civic 
s dummy means so arranged bet^ee!! the cir.put of said programmable delay 
means and said second input cf said phase detecting means tc simulate tb 
e delay in trod need by said inpa: means. 

8. The ncnvclati ie neaicr? acceding : c claim 7. the re it said in 
pet means incudes an inpa: heffe:, are said dorani? means includes a flamm 
y buffer. 

9. The ocnfciarile memo;? accsrdiog to claim i. vherela soii ie 
lay locked loop means luMher includes a driving means connected to ihe 
output of said programmable del a? means. 

10. A nonvolatile memory comprising: 

means fsi reccifing a a eitemal clack signal supplied by a i 

ser : 

means for generating an inte-aa' dec* signal based upon the 
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received cslcrca! clock signal. the rues (cr geee:a;i:"(* sa Inte'na: cl 
cck sigoal including me ass fc: ceiajio? the interna i cicck S : ? o a 1 Jflati 
v e to the c st c r n i ! clock < S g is a ! : 8 r» i , 

means f c r ti i s t r i b a l i o g i h e i o t e r o a 1 clock signal t k r c i g a the 

ocnvc ! a t i I c memo ;r . 

11. The d o a v c I a : i : c incite ry according ic claim 10 , therein s a i o nc 
e a i s lor delaying I h c i u I c r n a 1 cicck si g c a : f c 1 1 b e r i o c 1 a a e s a mean! f c r 

programming a delay by a u a in c t c ; i li a t 1 1 e i o : c r o a ! c ' c c k s i g d a 1 is d e ! a 

ycd relative to the citcical clock signal ihrotigb a means for receiving 

a seleciicD signal fci selecting a delay* t-e bring the internal clock sig 

* 

n a I s s h s t a fi t i a I i y in p h a s e with the externa! cicck s i g o a ! . 

12. The n c c v c 1 a ! i ! c me m c r y according l c claim 11. w h e r e i d the me 
a n < f c r p r c g ? a aim i c $ a dels? i c c 1 e d e s a Die a d 5 f c : c h a ! & i & g delays ; c be a 
P p I ied tc the internal cluck s i g o a ! . 

13. The BCivc I at i I e memcry accord log to claim 11. ^herein the me 
a n i f c r delaying the i o i c r a a 1 c ! c c k s 1 g a a ! further Includes a means for 
detecting a phase shift between the external deck signal a a d the intern 
a 1 deck signal, the selection signal being a f o n c : i c a c 1 the detected p 
base shift between Said externa! cicci sigoai and said interna! clock si 
goal. 

14. The ni)E v c [ a i i I c mcms.'y according :o ciiin 13. therein the m e 
ans f c r pregramming a delay farther includes a means lor inputting a del 
a? tc the means fcr detect i eg a phase stif:. the sintciaud delay substan- 
tially eqial tc deiav between the externa! cicck si goal and the internal 

cicck signal inircdoccd by pert ices cf the means fur geneiatia? ao ine 
roai cicck signal ether than the means fcr delaying ;he internal deck s 
i g n a I . 

3 . Derailed Description g I I a v e a t i c r. 



mi))02-230986(P2002-D86 



The present invent'CR r e . s r c « :c a syn ■: h : c r c t s - read i rig n^vc'a::!c 
memory . 

As is I d c ¥ i) . t c meet the cor. li dccd= d e t a n i > f r. : increase : n ? e a d i c 
g performance ol F J a s h-EEPHOH memories, ce* mcdes fll reading have beta i 
introduced, ffbicQ *<n already used in c * ii e f types cf raemc r ; e s ? such as 3 
RAM and SLIM memories, in particular the s c c a T « e d 'page mode" reading- 
in frhich tfec memory is read in pages each cf shich ccntain? i variable a 
umber c I *c:ds, and ibe so-called "burst cede" reading, in w let, instca 
d, syocbrocoas readings of coosecothc rcrds are perfcrmec at a fretjieac 
y set bv a deck signal supplied from catside by the user cf the memory. 

Thanks tu the fact thai 1 1 e burst r'eading rude enables a lies do 
ata lyochrcncus with Ihc deck signal . it is i o c ' e a s i n« i y more often imp 
iemented in f 1 a sh-EEPMM memories, even though it does net aiic» extreme 
ly high reading frequencies ic be achie'eii. 

In fact, if T CK indicates the period cf the external cicck signal, 

T BU3JSr ttlc synchronous access time defined as the time iniem! elapsit 
g bet*eco the edge d the externa! clock signs! representing the reqnesi 

fcr supply cf data cn -be output of the memcy aad the instant in time 
in which the data are effectively present on the output cf the memory, a 
Qd T SEVUP the time fcr setup cf the data at the output with respect to t 
he stbstqnent edge of the dock signal a: finch the output data win be 
sampled and acquired from outside the memory (i.e., the m i n i mure time for 

vbich the data present oa t b c output cf the memory mu s i remain stable p 
ricr tc the edge d the external clock signal fcr the data tc be sampled 

and acquired in a valid fb>, f Q i example by the microprocessor to *hich 

the nonvolatile memory Is associated}, then the following relation appl 

its T CK =T ByR3T^ T SETUP' 

Ccos eq sen 1 1 y . given thai in f 1 isfc-EEPROM inetnc r i e s according tc the 

prior art operating in burst mode the data setup time Tjjgjyp is. accord 
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ing tc the d.e 5 L s *? « pee i f : ca : : fit rcrrentiy a d u p : e a . ipp:cx:cilc!y 5 oS. a 
nd the svochrcDCus access time T BUR 5T ct:iefitI ? achievable is ipprciica: 
e!y 10 ds ; it mar i mme s ; a t r ! y bp rcnclised that t reading f c q i c £ c } : ol a 
pprcximalelf 66 Mi !Tck = 1 5fi ^ rtprescuts an upper limit that camct be 
exceeded in f I a s h -F.EPROM nif mcr ! e s acceding tc tie p r i c r art. 

The value cf the reading freqaency indicated above is t fc « a a ihcor 
e t i c 3 1 limit thai is practically o c t achievable in any c f the applicable 
os in which nenvciatile memories arc Stpplled viih lew supply voltages, 
in particular usages icve: than 1.8V, 

For a better a nd e r s t a d d I n g cf That has jus; beet described. Figerc 
5 1 ana 2 respectively sbc* the path fclfcxed in a acivclaiile meracii ac 
ccrdiog tc the p j i g i art by the externa" clock signal supplied b) the cs 
ci, and the lime relation eiisiicg bet*eei) the exrernil cicck signal and 

■he cicck signal generated tns : de the memory Itself, in relation to the 

I r a a < i t i o r» s o I the data present c o the g u t p o t s c f the me m d r v . 

In particular, as is shc^n in Figure 1, irbcre ccly the parts cf ih 
e nonvolatile memo"? 1 csefel fcr understanding the problems tba; the pr 
e s e u t i n 7 e n t i c d a I ms at seining are illustrated, the external cicck sign 
al CK^t is supplied by the user co an input pin 2 cf the menc r y 1, »hic 
h is cennected tc a a input buffer -1 essentially ccosistiog cf a NOR legi 
c gate -bat has a first input receiving the external cicck signal CKp^j. 

a second Input receiving a c b i p e n i b ■ e signa; CE . also supplied by the 
use/ c n a different input pin 6 c f the m c m G r ? i . and an c u • p a i supplying 

an intermediate deck signal C K | ^ - 

The intermediate cicck signal C K j \j is t b e a supplied tc an input of 

a driving dence 8, ffbich supplies oo as cut per an internal cicck sijoa 
1 CK[yf which is then distributee iusiee the memory 1 and hence represen 
Is the c i o c Jt signal effectively used b? all the devices inside the memci 
y» and *itb respect tc which all the operations are timed. 
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(c panics! 3.', the ifiic.'iu! clock sifoji CX|^j is delated «itn res 
pect to the externa! elect signal CKjjy by a linte eqta: u the svr cf tb 
e bitching time of ;hc input bcMc; 4 and l h c switching time c( tie dri 
ring device S. 

F r cm the abeve il is therefore immc u i« t c ■ r understandable that t fc c 
syacbroBCas access i:mc "^BU V ST iJlc scrn c[ lwc cc a t r i bu t i ce s : t'oe fir 
st ccoiribct ion cuds is ting of I be d c : a v beUcen the external clock signa 
I CK EST and the inte;na; cluck signai CK m (typically quantifiable at a 
pprcximateiy 5 ns) ♦ and the second coot libation consisting cf tbe delay 
fith irb icb the data are effectively present on the cntpots cf tie memory 
1 Witt respect tc the rising edge c! the* interna] cicci signal C5|^. * 
hich represents the revest f c f supplying data cn the otitpcis cf the rcec 
cry I (aisc the iatter delay being tjpicaliy qua r. : i f : ab i c at approximate 
I: 5 ns). 

Figure 2 shews ike tine relation existing between the external clc 
ck signal CKjjj, tbe internal clock signal CRrjj. and the uaashicos cf 
the data t c be r e a i o a the c u t p u t s c f t b e a c id a r y 1 , with reference t c a 
non-valid reading ccnditicD cached by faiUic :c comply with the design 
specification that is common!) adapted f o J the lime cf setup of the cut 
put data with respect t c the next rising c t g e c f the externa- c i c c k sign 
ai at which the said data aie sam?!sd anc acquired hero cut side the memo 
iv I , 

In particular, in burst mcd; reading, start cf reading cf the data 
is controlled, as is Uc*o. by causing variaticr cf the logic level cf 
a ccntrcl signal i! ADDRESS LATCH" supplied by the user to an input of the 
memory. 

h detail, when the start reading ccntrcl signal n ADDRESS LATCH" a 
ss&mes a lev level, the s ADDRESSES 1 if the "DATA' U be read supplied by 
tbe user tc the input cf the memory. I are acquired, and, during a pre-s 
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et tiftc iescMai refer? c: tc as '!a: cncy" . the cat a arc read by :hi flit mo 
ry tells, lea&pcrari I? transferred into icteica; registers cf ike memory 
1. and f r era the latter then tiaesferr.ed cctc the catpnli cl the memory I 
itself, where they are read y to be sampled and acqdrcd frorr cits Sue tfc 
e rumor? I in a s }-n c k i u cues *ay at rh< rising edge? c( :iic er.crca! cicc 
k signal CKg^j . 

Id particular, the latere? time is i d d i c a : c d by ihc raa ou I a c t c r e : i 
n the specif icatiens cf the ncn^dariie memory as a function d the Ires 
uencT cf the externa! deck iigta! CK EST (is so fa; is it is lieu by the 
random access :inc), it can he se: tr.ernaliy by the user, arid ma? typi 
calif be taried from a minimum cf r*c :c # a ra a x i ra c m cf si* perils cf the 
estf t n a j deck sifinai CKj^j, 

Ccn?eqcen:i : ? since the data ic he read are suppl ied on the tuiput 
s cf the memory I s y r.ch ! oncu s i y with the interna! deck signal CK [V p bu 
t are read f rem CM fide s foc hi c ncn s j r *::!) the externa! deck signal CKj? 
they are not stable at the culpn f c r a; : east a time iaicnal equal 

to the data setup time TjetUP * 5 ns ' pi:cr 10 tbc DCXt €ige cf the utc 
rnai deck tignal CKjcj at which -he output data are sampled, so that re 
ad i o g cf the data dees sot p:c?e ra! id. 

In c r d c r . t It e r e f c : e , if p r e ? e n : o c c a : r e n c e 3 f n u n " v a 1 i d readings, 
in nnulaiiie memories according ic the pricr a:: the maximum leading I 
r e q o e n c y a c h i c t a b : e cannot exceed the 66 MH 2 referred U a b u n c , and ' h i s 
constitutes a : i m * t a t i c n that ?ic*s ric*n last diffusion cf the burst re 
adicg mode in f \ a s b-EEPJtUM memories. 

Embodiments of the present invention provide a nonvolatile memory 
operating in burst reaaing mcde that enables s?nchrcaeis reading cf the 
data stored therein at frequencies higher than these currently achietab; 
e. Other aspects and feat ere s are discussed be I ox. 

Aspects include at input receiving an external clock s 
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igual supplied by a user, a d s cioc!, generating itcans r c c c : i:g sain c x i e 

r n a I clock signal and £ i p p i y i o g a 2 ; n ■ t : 0 a 1 c 1 c c k signal d i s t : i b u t c (J i 0 1 

c said n g ov c i a i : i e in e m c 1 y wherein s a : *J c I c c k g c t c j a t i n g m c 3 r £ c « m p r i s « d 

e I a y locked 1 c 0 p me a n s . 0 1 h c r ( c a : 1 : c s a e a a d v 3 n 1 8 f « S u f the invent i c o 

r i I i become apparent from t fc e I c i I c * i 0 g detailed dc£c:Ipt;cc. taken in c 

cnjcoctico with t b e accompanying d : a * : a % s . 0 1 \ c r features ace a d * a c t a g e 

£ c f the i 0 7 e n t i c n -ill b c c 0 mc apparent f ; cm the I c ! I c * \ & g detailed d e s c 

fipiicn, t a k e d in conjunction w : t k the ac corny a c > i tig drawings. 

Fcr a better understanding cf aspects cf ihe present i 

Dvcmion, a preferred embodiment thereof is cc* described* pun;? tc pro 

♦ 

tide a oca-limiting example, » i t b reference t c 1 1 c attached drawings. 

The present infection is bases op be iU principle cf increasing th 
c maximum frequency cf data reading ic a f [ a s? h-EEPROM nonvolatile inemcry 
by eliminating the delay of the interna! clock signai CKjjjj *ith resper. 
1 tc tbe external deck signal CKjjjy; tbe redaction ic the synchronies a 
ccess time Tgy R $j deriving therefrom makes it possible tc a c b i e f e readin 
g frequencies in the region cf 90-100 MHa. 

1 0 greater detail, according t c the p 1 e s e d t invention, e ! i n 1 a a t i c a 
cf toe dcia? of the interna! clock sigsal CKj^y frith re spec r tc tbe ext 
e 1 0 a 1 clock ngaai C5g 5T is obtained using a delay locked leep (DLL) arc 
hi t e c «. u r e . in w h i c tbc p e r i c d i c : : f c f ihe externa! c ■ c c k sign! C K £ ^ -j i 
s exploited to generate an internal cluck signal C&|\jj. which cay evei b 
e perfectly • d phase » 1 i & t h s externa) c ! n c k s i j n a ! C H £ 5^ . 

Figure 3 shews a f i a sh-EEPROM con ?c ; a t i 1 e memory having a DLL arch 
i lecture which enables generation cf an interna! ciccV signal u K j >j j in p 
base with the externa! clerk signal CK^y. 

In particular, Figure 3 sccts coh ihe pa f r< ol the nonvolatile me 
men. which is designated bf 10. thai are useful fcr an understanding cf 
the present i a v e n t i c 0 ; in a d d i x i c n . tbe parts that are identical to the 
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s e c f F i g u ! e I arc designated by I !: c same reference d umb c : s . 

Id par t ic g 1 a <• . as is « h i; ^ d in Figure 3, the externa : deck signal 
CX g 5 j i< supplied tr at input buffer .4 identica' tc the c r. e defer i bed w: 
th rcfereoce tc Figure 1. which generates cn an output a f;m : n t e rm e d i 
arc deck signal CK j ^ j 

The first i a t e rnu d i a i e c^cck sigoa: CKj\j| is then supplied tc an i 
nput cf a delay locked leep 12 basically comprising a programmable delay 
circuit 14. a driving device 8, a e o mm y buffer 16. and a phase de:ec;c 
18. 

In particular, Llic programmable delay circuit H receives cq ao io 
pu; the lim intermediate deck signal C K j ^ | , supplies cn ai) cstpct a s 
ecosd i d : e r m e i i a : c deck signal CXj^ delayed Ki:h respect tt the first 
LDtercediaie deck signal CKj^j by a programmable ri e * a t . and comprises a 
delay c b a 1 o 20 formed by a plurality cf rieia? cells 22 cascaded icgetbe 
j and seleciively acdva lab • e/deacd rai able by a shift i e s i $ : e r 2 4 ha? in 
g the function c f $ e I c c : i a g the delay i a : r c d c c e d by the delay chain 20. 

fa tie example shown, the d e 1 a ? rbain 20 i= formed by 64 delay ce! 
is 2 2. each c f which basically consists c f t « c logic ; n 7 e : t e r s cascaded 
tcgethei (lei example, cbiained b;< means cf NANC logic gates that a'e se 
i e c r i v t J y a c i i r a t a b i e/ ? i e a c t i y a t a b 1 e by means c f an e n a b I i n j?/ri i s a b 1 i & g si 
g a a I s a p p ! i e d to the inputs c f sale g a i e i ) and convenient ly : n t r c d u e s a 
d c 1 a y c f 0 . 5 i s . 

The second Intermediate clsck dgnai CK ^2 - s s u p p I i e d tc the inpu 
t of i h e driving device & . t h I c h is i d e n t i c a 1 t c the d r i i i o g device 1 of 
Figure I and supplies ct ao fiutpc: an iote'nal deck signai CK|^j which 
is then distribaied inside the memcry 10. and which hence represents th 
e deck signal which is osed by jis the devices present inside the raerac r 
y and w i i h respect i g which a I ! the operations are t i me d . 

The internal deck signal C K j is m e r e c v s r supplied I C the input 
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cl the corner buffer lb, wbici: is a'.:9ge:acr icer.ica! to the input brffe 

r 4 in order t c s i m d ! ate the switching c e I a r i 3 i ; c d i c e d b ? the i n p c : b u I 

it: 4 : and supplies on an c c : p 9 : a ce-mrey clock signal CKjjyj-^y . 

The dummy clock s : g d a : CK^iyyjy is then scpp!ied tc a first input c 

f the phase detector IS. which moreover receives, cc a secoec input, the 

first intermediate deck sigca: CKj^j. lecernsnei the phase stif: exist 

ing between the interna; c!cck signa! CKj^y and Ibe first iotermealate c 

lock signal CKj^, : ana then supplies on the ctipir.s ibe fcilcwing three 

signals, which are io torn s applied rc :he inputs of the shift register 

24 of the programmable delay circuit 14: a cluck si goal CKp Icr iimlag t 

* 

he o p e i a t i c o c I the shift register 21 itself, a delay c o o 1 r o 1 signal KIT 

tc increase ;be delay IctrcRBced by the delay chaio 20, and at advance 
control signal ANT tc reduce inc. delay iaircdcccd bf the tic lay chain 2D. 

The shift register 24 mciecve: ha* a pieralky cf ccipcts. each of 
which is ccnnecled tc a respective delay eel'. II tc centre! activation 
and deactivation thereof as a function of the delay c c o i r c ! signal R I T a 
ad cf the advance ccnrrcl signal .4 NT. 

In particoiar, the delay control signal RIT and the adunce centre 
i signal ANT are poise- type signais, the poises cf which respectively co 
n i r c I increase and i e a c c t i c a c f t b e d e ! a ? introduced b J the delay chain 
20 in order tc bring the interna! clccl signal CKj^-p perfectly in phase 
with the external clock signal CKjjj. 

In add! tin, the deiay cf the firs: intermediate clock sigoa? CKj>j 
I may be obtained io a simple war b? exploiting the structure cl Ihe del 
ay cells 22. In fact, since each cl these ceils is formed by t*c NAND i 
cgic gales cascaded together and selectively actiratabie bv means of an 
appropriate enabling/disabling signal supplied tc the inputs thereof, tb 
c first intermediate clock signal CXj\j| can c c ove n i eo t i J be supplied to 
the input of all the delay c e I : s 22. a a c its effective injection within 
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:fce eeiay chain 20 can be cbidne: ot\ v a: a specific delay cdi 22. id 
such a way t b a : tfee delay iuiredtced by tbe ilelay c h a i o 20 between said 
spec: lie d e : a y c c : S 22 a s d l fcc Ian J ! a y c e : ! 22 c f t fee chain is precis 
elylhc desired ccc- 

Id this * a y , ■ b c c , i i) c s c i c c I 1 9 u d ike o g m b e : c I delay cells 22 t 
c be activated id e r d c r t c achieve l he desired d e ' 3 1 can be c b t a i c e 2 by 
ike shift register 24 5 i n; p ! 7 by issuing a command f«r disabling the dela 
y celis 22 located cpstrcarn of she specific delay cell 22 that detcrtniae 
s injection cf tbe first iottrmcdiatc clock signal CK|>j| t i t h i d the dcia 
y chain 20, in such a ray that ;he delay ceils 22 Iccaicd ops i r cats arc n 
cn-passing Fitb respect tc the ict section cf the first intermediate deck 

si goal CKj\j| supplied tc the inpa:s the reef, thus p ; e t c 0 : iag. among cth 
er things, unnecessary cc dskidp n 00 fey e 1 e nie n 1 5 that arc act used, whilst 

the delay cells 22 located d Qvn s i 1 c am ef tkc specific d c Lay eel! 22 t ha 
t determines i o J e c c i c c of the first in t e inted i a ; e crock signal CK j ^ | »hh 
in the delay chain 20 are c c n 1 1 c i e i in such a » a y as t c be passing with 

respect to the deck signal coming from the preceding delay ceil and no 
n- pas sing with respect tc ;ke first i a ; c rated i a t c clock signal CKj>j, . 

In bsc in a cyclic way the phase detector 15 dete;mices tbe phase 

sijif: existing between (fee dummy clock signal CKyj^jy and the first :ct 
ermediate deck signal CS|^-, and generates a delay centre! signal KIT c: 

an adTance centre! signal ANT tc cennul the shift register 24 in suck 
a way as tc increase cr decrease the cumber of c'clay cells 22 activated, 

in c r d e r t c c b t a i n an overall delay c 1 the delay c h a i e 20 suck as \ c re 
duce tbe phase shift be t t e c n the dummy deck signal CXjjrj^yy and the firs 
t intermediate deck signal CK|^, and these eperatiens ccntinuc tc be p 
erfenaed until the dummy deck signal CKjjy^y is delayed with respect to 

the fird intermediate deck dgna! CK[>u exactly by cne period of the 
first intermediate deck signal C K | \j [ it Jell, an 5 c c n 5 e q 11 e n 1 1 j is per fee 
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: j y in phiiis frith :lic ! a t : ; e : . 

Since the Mist i eicrraef : a tc clock s : p n a ! is en*: i in :c a by 

the external deck signal CKg delay.e: by ar a p c o n : equii £ h c switch 
i r p tire cl the input bdfer 4. ard the dummy cicck signs: CKj^jjy is CO 
nstirtited by the internal c : c c k signal CKj^j delayed b? an a m c u n l equal 
tc the sviiching time of -he d ummy buffer 15. rfcere corresponds tc the c 
1 imi n 3 1 i fit) cl the phase shift between the do may e'eck sigsal CK^^yiV 
the first intermediate deck sigoai CK» Nl the elimtraiice cl the phase 
shift existing between the internal clcck signal CK[>fT and the enema! 
deck s ignal CK £5 y . 

* 

CcoseqDCBilj, cnee the sc-eallcd locking time necessary Icr the ce 
lay iccked iccp 12 fcr eliminating the phase shift e*isr ; ng between the 
internal clcck signal CK|^ and the externa! clcck signal CK £ST has eiap 
sed. the interna! clcck signal CK |NT is perfectly it phase with the ex t e 
rna) clcck signal CK £S p; in this way, one of the contributing to the Ic 
rniaticft of the synchronies access time T 3 \fK ST is € ^ Lreinatcd, and it is t 
here fere possible tc increase the max i mum reading frequency up tc the *a 
sacs referred t c previously. 

Fignre 4 shews a graph similar tc that of Figure 2, from which it 
is p c s s i b i e t c see clearly the e I i id i o a t i c n of the phase shift existing b 
e t w e e n i n t e ; n a I clcck signal CK j ^ and the e 1 1 1 r c a i cicck signal CK g^p 
and the ?a!iri leading deriving there from. 

When a DLL a i c h i ; ec i a r c is isca fcr ge oe r a t i ng t he interna i clcck 
signal C K | >g -p , the user of the memory 10 simply needs tc supply the extei 
n a I clcck signal C K £ 5 <p w I i h a c advance s u f f ; c i e 1 1 t c enable the DLL 1 0 I 
c c k in phase with the external click signal CKgcj itself. 

Alternatively, locking may be achieved during a self-learning step 
p r i c r tc data reading, which may be activated by means of an app'epriat 
c control signal, and during '.*hich the external clcck sigoa! CKjjt is sb 
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P p " ice :c the d: emery !0 in s t c h a *ay &i :c s<: previous I > the delay it: 
i c d c r e d by the p : c g : 2 icm 1 b I e delay c I r r : : t . W : ; h 1 1 1 s n; ? d a ! I : ? . i ; s i ra p i 
y r c ma r d s f c : t e a s e t to 5 u p p ! v t c i\t m e rc c r } 10 the externa " c ! 0 c k si? 
na! CK g 5 j with an advance cf a tinjie period, since lucking cf the delay 

I c c k c d ! c c p 12 has already 1 a k e 0 place. 

Fci exartpie. the commacd fcr act :?a tics cl t b e s e i f - ! e a : n I c 1 sup 
c c u ! d be issue:! i timed t a t e ! 5 after pc*e:-on cl the nierourv ID, and in this 

?ay the delay locked loop 12 riii nc longer need tc be rc-lcckec in pha 
se with the externa! deck signal, in sc far as aty possible temperature 

variations Till be eliminated TitSnit. the leck c emm 3 n ri having :c he iss 
u e d again. 

T \ e advantages that the prefer: i n v e is r i 0 n a I f 0 ; c s emerge c i e a ; i y I 
rem an exami c a l i c 0 ci the ch a r a c r e r i ? t i c S presenter! herein. 

Final:?, it is clear that ncrii 1 1 ca : : ens and variance* may be made 
tc ihe invention ieicvbea anc i ! i d 5 i r a r r d herein, irlthcst [hereby d e pa 
rtinf from the sphere cf prntecticn, a? defined in the attached claims. 

Fcr example, the number cf delay ce;is 22 cf the d e I a 7 chain 20 ao 
0 their c c r r e s pond i ng delay c 0 c ; n bft differeni frem what is described he 
rein, in so far as t h e ? r n c m h e t and d c Say 0 b v i c u s ! y depend a p c 11 the rang 
e c f reading frequencies thai it is a : id e 3 t c c c v n , as * e 11 as upon : 1; e 
delay that i : is i c be r e c c r e r c ri . 

From the f c r e g c i n jj it * : i i be appreciated that, a ] t b 0 0 g h specific 
enabed iment s cf the ioventicn have btea described be;* it fcr purposes of 
i ! ! 0 St r a I i cn . various mod i f i c a ; : 0 c s ma? be mace Tithcui deviating from t 
he spirit and s c c p e c f the invent ion . Accordingly, the ioventicn is net 

limited except as by the appended claims. 
i . Brief Description c f Drawings 

Plfurel shows the path cf the external clock signal supplied by th 
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c cser is a Dcavc'atiic memory acceding to the p-iyi a:t: 

F i ec r c ? shews the time r i ', a t i c t c * i s : i t g . i o a n c n v c ■ a : : : e m c Tj c r j" 
according * c t \ t p r i c ? art, between I h c c 1 1 e : r J ! cluck s i g « a ! 5 a p p ' I c d h 
v the ojcr cf the memory 30c the clcck signal c S e c inside clie nemc rr Its 
elf in r e ! a t i c c t c the trans itiocs c I the data p : e s t n t c d ilt c u t p 0 1 c I 
the m e m c r ? ; 

FigureO shews the path of the external clcck signal soppiicd by th 
e user ic a ncovciatile metnery according tc the present invention; arc 

F i f u r e 4 she*' the time relation exis:iD$. in a iCGiclnilr memory 
according tc the present ioveniier:, beUcec the exterca? e ; cck sigtal sc 
pplied bj the user cf the ru'idcm a g d the clock ligoa! used reside the me 
in c r v itself i 0 r e ] 1 1 i c 0 to the t r a e s i 1 i g 0 s of the data p r e < t ?, r c n ! h e c c 
: p u t c f the id c id c r y . 
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1. Abstract 

Destcfibcd herein is a c o n f o I a l i I e m e no r y c o mp r i s i a g an input p i a r 
c c c i m n g an external c I c c k signal supplied b y a user; at i n p & t buffer re 
ceiving the externa! cluck signal and supplying an isteraeiiaie cicck si 
g n 3 i a e 1 a ? e i with r e s p e c : t u the external clock s i g c a i ; and a delay I c c k 
e i i c c p receiving the intermediate c I c c L s i g a a I and supplying an interna 
1 deck signal distributed ffithin the nonvolatile memory and substantial 
If ifi phase vitn the external deck signal. 

2. Representative Drawing 

Figure 3 



